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In the epring of 1949, concentrated work began at the Institute on 
Oorodomyla Island on a project which wae wentually 
a-14 project . At this time, the Qennan chief engineer , 

was believed to have received instructions froir Kurganov, the Soviet 
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Chief Engineer at Ostashkov, calling for the design of 
a missile having a range of 3*000 km, and carrying a 
warhead of 3*000 kg, OBOETTRUP in turn notified the 
various German section Chiefs, transmitted the Soviet 
requirements, and Informed them that the project was to 
be completed by 1 Oct 49, The German engineers were 
apparently given complete freedom in respect to the 
type and form of missile to be designed, with the Soviet 
control and direction being solely confined to the 
issuance of the initial requirements as specified 
above. 


2, In order to understand the course pursued by the 

German engineers in their efforts to comply with the i 
Soviet demands, it is necessary to briefly describe ' 
their activity in the proceeding years. . ' i 


I 


During the years 194/ until the beginning of 1949* the 
primary task at Ostashkov, a task which engaged nearly 
every section the institute ,1 was thfi design of* the 
R -10 missile. 


ns 

lew especially quaiiriea engineers representing several 
seotlons, Intermittently side-tracked 'their attention 
to the study of missiles having a range far above that 
of thS R-10, There appeals to be some confusion as to 
the purpose of this work. In a sense, the inspiration 
,,,, '“for these studies came from Soviet sources. For example 
I in visits made to the Institute dating back to 1948, 
Korolov ,, a Soviet cdonals repeatedly voiced Interest 
in the design of a missile having a range of 10,000 km. 
It may well be that, in an attempt to satisfy specific 
requirements, individual scientists engaged in these 
private studies during breathing spells of the R-10 
project and immediately after its completion. Whether 
or not these studies laM the ground work for the R-l4 
Frojaot or were associated with the Soviet research and 
development program is difficult to ascertain. Certain- 
ly, the ambiguity svirrounding this point is not lessened 
by the Soviet research system with its apparently 
ttumerous and subtle distinctions, such as ''Vorpro.lekt”, 
"AvantProJekt”, "Erstes Sklzzen FroJekt". etc, I 


the 

exact soviet description of the R-14 was "Sklzzenpro Jekt 


* 
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^ the direct relation between the 

R-14 project and these studies Is unlikely* since 
apparently the required range or 3,000 km, with a 
' 3/000 kg, load exceeded by far any of the proposals 
Stfbmltted by the Germans, Furthermore^ no German was 
able to identify the requirements for the R-l4 as re- 
flecting his own proposals. In addition. It would seem 
that the (Soviets Vjould have made reference to a partio- 
" tlllar study were, the R-l4 based on It, It will, however. 
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be remembered that the requirements for the R-l4, while 
more specific than the requests of Colonel Korolov, ^ 
were aeTcrthalees very general, specifying only range 
and warhead dlfSenslons. 


5. The various studies of the period 1948 to 1950 

assume Importance In relation with the R''-l4 project 
only In the fact that these studies Incorporated some 
of the Information gathered during that time and, 
specifically, that the origin of the radically changed 
„ motor which was a pert of the r-i 4, lies In this 

period, Obc cf the studies nada during this period was ons 
rslatiag rooket thrust , and increased dLttmhuStlon pressures. The 
theraodynaaio department did mueh on this I 25X1 


6, Upon receipt of Soviet requirements, the German dpglneers 
prepared various pipoposals for a period of approximately 
five weeks aimed at satisfying the required range and 
warhead load. Essentially, four major proposals were 
submitted from which two were selected for detailed and 
concentrated effort. The four proposals were as follows: 

a. The construction of a conic shaped missile using 
several A-4 motors. The ninnber of motors proposed 
was usually between four and six. To lessen the 
weight of the missile. It was contemplated that 
the expended motors be dropped from the missile 
from various heights, 

b. Use of multi-stage rockets which had been studied 
as the R-12 project during the years 1948 and 1949, 
In this, a number of rockets were to surround a 

. missile carrying the warhead. The first stage 
was to be provided by the surrounding missiles 
which,, at a certain height, would release the 
warhead-carrying missile on Its second stage of 
powered flight, • 

0, Daalgn of a pilotless supersonic aircraft to be 
launched froa the ground by means of an A-4 type 
fOdkati Upon reaching a speed of 500 to 600 m/.’ 

: jeeonda.'tha plane would begin to produce Its 
own propulsion until reaching an altitude of . 

- approximately 25 km. The loss in weight and 
the, increase in lift would cause the plane to 
Ollmb to approximately 30 to 40 km, prora this 
altitude the direct dasoent/to the target would 
ensue. 
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d» Construction of a missile using an entirely 
new motor. 


7! As stated, two proposals were selected by the Soviet 
administration for detailed stud>4;he supersonic air- 
craft which became known as project and tne 

mtaalle with a new motor. Project R-14. 


The order to pursue the two projects came^/r pm one 

Snviat Ohlef Engineer at Osta shkov. bvtj 

r [ this decision was made at a higher level, 
presumably the responsible Ministry in Moscow, This 
decision having been made, the German engineers in 
Ostashkov, were divided into two ^oups, the larger 
of which was assigned to the R-l4 project and the 
other headed by Dr, ALBRINO to the R-15 
Until 1 Oct 49, approximately 60 per cent of the 
German specialists were engaged in these studies. 
Excluded were only the workshop section and the radio 
and chemical section. Of the 60i per cent that were 
assigned to the two projects, approximately 80 per 
cent worked bn the R-l4 project. The personnel were 
essentially the same as that which worked on the 
R-10 project. 
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BASIC DATA 

ft, The basic oharaoterlstics of the R-l4 are as follows: 

a. Weight Analysis of the Empty Missile, 

Nose 60 'kg . ^ 

Warhead 34oo kg. j(3,ooo kg. 

central Section 13|0 kg. lexpolslves) 

Stabilizing Ring 260 kg. 

Motor Mount ^ n- .. cKn w* 

Turblne»i Pumper Pipelines^ and instruments 550 kg. 

eontr°l» — mjESi 


Weight Empty 


6160- kg. 


bt Fuels 


A - Liquid bxygenir = 1.13 - ' , 

B - Alcohol-water mixtureTr= ©.89 (approximately 7© 
per cent alcohol and 30 per cent water ) 


■A - fuel 


36877 kg. 
86963 kg. 


32640 dcm3 

30260 dem '3 


A 4 - B 


63840 kg. 


62920 dcm3 
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Fuel Consiraptlon per Second 

A - fuel 251 = 251 ks.4'2.5*.« 253.5 kg. “ 58 
per cent 

B - fuel 171'*' 12*'» = 183 kg,+ 1*** s 184 kg. * 

42 per cent 

^Additional consumption for gaslng of' A-contalner 
♦♦Additional consumption for gaslng of B-contalner 
♦♦♦Estimated additional consumption for the cooling 
of gas for the starting of the turbines 


Motor Thrust 

On the ground, thrust approximately 101,000 kg. 

At great altitude, thrust approximately 108,000 kg. 

The specific thrust at extreme altitude would be 
approximately ^ 

= approximately 108«000_ _ . ■ 249 kg/kg-sep 


e... Residual Fuel at Propellant Cut-Off 

A - In gaseous state In the A container approx. 362 kg, 

- In the starting unit (propulsion unit) 12 0 kg. 

B - In gaseous state in the B container approx. l45 kg.- 

- In the starting unit (propulsion unit) ’’ 150 kg. 

- In the B container ^£r,— 

Total A is B 54? 

Of this apiprox. 270 kg. 
would remain In the 
propulsion unit 


f. Combustion Period (Maximum) 

t a approximately 63840 - 940 - 145 spo. 


As a result of the thrust reduction during the final 
part of the flight In order to keep acceleration less v 
than 10 g's, the combustion period was to be Increased' 
by an additional 11 seconds. Therefore, the actual 
combustion period would become; 

t ^ approximately 145+ 11 - 156 seconds. 
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g. Launching Weight 

The launching weight obtained from the weight 
empty and the weight of the fuels would be: 

\ 

yij ~ 6l6o 63840 ^ 70000 kg. 


h. Weight at Propellant Cut-Off 

The weight at cyt-off obtained from the weight 
empty and the weight of the residual fuels becomes; 


Wco = 6160 f 940 = 7100 kg. 

/ 

• 'i 

1, Maximum Cut-Off Speed 

Vqo ■ approximately 4500 m/sec, 


3 * Maximum Target Range 

B - approximately 3»100 km, 

PESCRIPTION 


General 

9, The first sketch /“see page 23 _7 is »• layout of the 

R-l4 missiles as designed by the Germans, As can be 
seen from the layout, the missile was a long conic— 
shaped body powered by a single rocket motor and 
controlled through the angular deflection of this motor, 
The missile design consisted of a nose section, war- 
■ head, central section, and stablliz’.ng ring ^hlch 
will be discussed Individually In the following 
sections of this report 7, The contours shown here 
are those subm itted to the Soviets in October 1950* 

The dimensions J^ave been derived 

through calculation. The overall measurements are 
, accurate to within 50 centimeters and the diameters and 
central section taper are almost exact. The least 
accurate dimensions are those of the nose length and 
taper. The rocket motor location Is In error by only 
a few centimeters. 


10, As stated previously > the R-l4, for which there was 
never any other designation to my knowledge, was 
selected f or design over several other proposals, 
the reasons for selection were man^ and 


inoiuaea the following; 
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ao Mechanical advantages through simplicity^ The 
fin and rudder system could toe eliminated by 
maintaining stability through proper location of 
center of gravity and center of pressiorCo 

Aerodynamic advantages of the cone shape in 
supersonic fllghto Although this shape was not 
advantageous for initial phase of the flight, 
the air resistance encountered would not be in- 
tolerable o The relatively low speeds in the 
denser atmosphere would keep these resistances 
small o The advantages of simplicity and weight- 
saving over resistance Justified the selection of 
this shape o 


c* Further exploitation of the German engineers o A 
missile design incorporating radically new ideas 
could open many more fruitfia facets for the 
overall Soviet research program than a mere mod- 
ification of a traditional missile deslgno 


11 • To fully understand the design presented here, a 

few words should be inserted regarding the ballistics 
of the missile 0 The ballistic path of the R-l4 was 
to be essentially the same as that of the A-4 missile 
except that the range was to be increased to 3000 km 
The missile was to be launched vertically, gradually 
controlled to a flight path of approximately 35^ and 
continue under powered flight for approximately 155 
seconds* However, at a predetermined point after 
propellant cut-off, the nose and body of the missile 
were to separate from the warhead and continue along 
an elliptical flight path* The wax-^head would con- 
tinue to the target as a free falling body* 


12. In the course of the design of the R-l4 many problems 
az^ose which were by— passed or ignored because of the 
time allotted to the Germans and because there was 
effectively no experimentation work carried on In con- 
junction with the project* When problems such as control 
at critical speeds^ ballistic of free falling cylinders, 
and weldability of certain parts were encountered, they 
were dismissed as being technically feasible but 
requiring further development and the project continued* 
There were never any estimates made regarding the number 
of manhours required to construct such a missile, 
since, by UoSo standards, the project could still be 
classed as a preliminary design study* 
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13. A ero»i ••otlonal view of the proposed nose seotion 
of the R>14 mleelle is shown on the second sketoh 

' ■vuj4|#.,.35 ' . 


O^ie nose of this missile had the sole purpose of re- 
dueing air reslstanoe of the miseliedurlt^; the asoend- 
lihs portion of the flight. Slnoe no functional re- 
^l^enents had to be met other than to reduce air 
rilietanoef this part was designed for simple and In- 
exfienslve oonstruotlon. In order to keep dimensions 
to a minimum* the prlnolple of Internal pressure 
within % plroular body was employed. An opening was 
provided' In the apex of the cone so that ram pressure 
could be utilized to Increase the Internal pressure* 

. f^s would conteract external pressures to a certain 
degree and would provide the skin with tensUb 
stability. 


19* The material decided on for the skin was plywood. 

i^us* a sufficient thickness could be used to provide 
the relatively long cone with load stability and 
prevent buckling. The material would be partlAlly 
oiirnt away during high speed flighty but It was felt 
that the thickness was sufficient to permit enough' 
nateplal to remAln at extreme altitudes where loads 
were small. 


16. formers, made of laminated w«jiod., w>i)re provided for 
the additonal support needed when ah uneven olrovm- 
feren^al pressure distribution occurred during 
flight at angles of incidence. 


Xn order to prevent internal air leakage or luctlpn 
At the rear of the nose, a seal was provided, ^e 
•lil and the method of attachment of the noee seotion 
to wimolid can be seen In detail In view 0 on page 
if' W Inlet consisted of a stesl Insert. 


lIttllA 

111 Another sketoh /wee psge a? J*' ■hewn « cross seo- 
tiehAl view of the proposed wsrhAad vor the It-l4. 
MlAfltd views are presented to show the detalle of 
the VATlous Joints. 

* 

y- ' ' ' . ; . ■ ■ ' ' . ■' 


i 
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19* The design of the warhead was a radically new design dereloped 
solely by the Germans® As briefly mentionGd preTiously, the 
warhead was to be separated from the nose ind central section 
of the missile shortly after propellant cut-off® The separation 
was to be accomplished by the explosire chargesj, points (7) aiid 
(l2)o The manner or technique of setting off the charge was not 
inTftstigated or planned® Since the resistance in space would 
be negligible^ the Tarious components of the missile would con- 
tinue in flight until reaching a denser atmosphere where the 
warhead would free itself entirely® It was realized that as 
the warhead approached the atmospherep violent oscillation 
would ocourp but through proper location of center of gravity 
and pressure, the oscillation would increase infrequency and 
decrease in amplitude until a /stabilized flight condition was 
reaoheda As shown in the drawing, the location of the center 
of pressure with respect to center of gravity was accomplished 
by, extending the cylinder walls at the rear of the explosive* 

As the warhead entered the denser atmosphere belt, a violent 
deceleration would also occur because of the large resistance 
resulting from the flat frontal area* 

20* The drawing shows that the entire warhead casing was to be 
made of wood* The selection of wood with its low specific 
weight permitted large wall dimensions * / 

21® As in the R-10 project, the principle of partially destroying 
the casing through burning was to be utilized* ^he thickness 
of the walls was of such magnitude that a sufficient quantity 
of wood would remain at the end of the flight path* Since the 
descending speed of the cylinder would be reduced in the denser 
atmosphere, the amount of wood destroyed would also be reduced® 

22® In addition, the selection of wood was advantageous because of- 
its low heat conductivity * It was felt that the quantity of 
heat transmitted to the explosive would remain within tolerable 
limits as a result of this; property^ plus other facts® Since 

^ the speed was relatively reduced, the heat generated would be 
reduced* Also, because of the flat frontal area of the cylinder in 
descent, a stagnation area would build up and ^thus^ reduce the 
heat factor oonsiderably® 
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23, Again, a great deal of this behavior was surmised 
since no absolute technical data was available re- 
gairding heat generation in flight and no significant 
experimental work was carried out on the destruction 
of wood in flight. 


24, Prom the structural standpoint, calculations showed 
that the wood body could withstand the subjected 
loads. Should the estimates made on the amount of 
wood remaining in the walls be correct, the material' • 
plus the rigidity of the explosive itself would be 
sufficient tp absorb the loads imposed in oscilla- 
tion. Longitudinal forces on the front panel result- 
ing from rapid deceleration of the explosive would 
be partially counteracted by the air pressure on the 
front panel. Calculations proved that the rear 
panel with properly cemented Joints could support 
the explosive under the contemplated 10 g's accelera- 
tion during powered flight. 


I 25X1 

Since there 

were no explosive experts available, this problem 
was Ignored, The casing was structurally designed 
to rely partially on the support of the explosive, 

/IPhe method of attachments of the warhead to the 
nose and central section are s^lfficlently clear in 
the detailed views A and c on pag« 


section 


^stoh on page 29 shows the central section and sta- 
ollisser ring of the R-14 missile, included 
on page 29 and the sketch on page 30 are several 
design details of interesty 


S6« Hha design of the central section called for a single- 
Shell self-oontainlng structure similar in many 
respeots to that of the central section of the R-10 
ffllsslle* The concepts underlying the design are 

? ll>ltlolphlly those used In the R-10, That is, the 
ransittisolon of loads, the use of internal pressures 
for 'support, transmission of heat, etc, are similar 
and Will not be expounded upon here. 
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27. Briefly* the structure consisted of a thin wall skin 
reinforced by a system of formers.. The conical 
shell was sealed off at its extremities by panels 
and was divided into two compartments by a cwved 
partition. The weirhead of the missile was attached, 
directly to the shell /as shown in view A 
on page 27 _7. The st&ilizer ring was attached 
to the rear of the shell />n the manner shown in 
view D on page 30^ 


28, One of the major points of interest and a matter 
which differs basically from the design of the • 

R-10 is the location of the liquid oxygen and the 
alcohol. This design called for the liquid o^gen 
to be located in the forward compartment and the 
alcohol in the rear. One of the reasons for this 
shift was a matter* of stability. By placing the 
more dense or heavier liquid in the forward com- 
partment, the center of gravity of the missile 
could be moved further forward. Calculations showed 
that even with this change, the missile would 
approach instability during a portion of the powered 
flight. That is, as the oxygen was cons^ed, the 
center of gravity moved to the rear and then forward 
again. This can be represented by the following 
crafves 


NojJ© 

c.o.sMf* 




f 


%9, ®o dOmpenaate for this approach to instability, the 
•tablllaap ring could have been lengthened and, 
thus, shift the center of pressure further to the 
reap. He lengthen the stabiliaser rljig would have 
lAQPiiiAd the weight and also the air reslstanoe as 
a pesuit of a oorrespondlngly larger frontal areai 
Xt was found that the missile could be stabilized to 
a OiPtaln extent by use of the motor and turbine 
tlOZlia controls. - It then became a matter of oompro' 

' miss between the extent of stability through the 
itPuotuPal design and the exhaust. An aoowate plot 
of the above curve was 'possible with some portion 
of the curve shaded as above indicating the duration 
and extent of control required by the propulaioa 
system , 


SECRET 




25X1 


Sanitized Copy Approved for Release 2010/06/24 : CIA-RDP80-00810A001 800090003-0 




Sanitized Copy Approved for Release 2010/06/24 : CIA-RDP80-00810A001 800090003-0 



) 


SECRET 

- 12 - 


25X1 


30, Because of the high fuel Injection preesures of approx- 
imately 70 atmospheres required for the new motor* 
extremely high speed pumps were required, .This .led , 
to a danger of cavitation at the piimp inlet unless . 
sufficient pressure was provided at this point, 
i^e danger of cavitation was especially pronounced 
for liquid oxygen^ which at a temperature of -103® C, 
is hear the boiling point.; To provide the require . 
inlet pressures, the pressure within the containers 
of both the liquid oxygen and the alcohol was ralsdd 
to approximately 2,8 atmospheres, Placing the 
oxygen in the forward or upper compartment of the 
shell produced an additional head of approximately 
2,2 atmospheres so that the critical liquid oxygen 
had a total pressure head of approximately 5 
atmospheres at the pump inlet. The non-critloal 
aloohol had a total head of approximately 3,3 
htmospheres, Thus, the combination of increasing 
internal tank pressure and shifting of oxygen to the 
forward oompeur'tment alleviated one danger. The. < 
dangers or problems encountered with the shell as 
a result of increasing internal pressure will be 
discussed briefly. 


31* Another point of interest and a departure from the 
/ R-10 design was the selection of material for the 
Ikln of the central section. While working on a 
ppallmlnary project after the completion of the 
R-IO design, 1 was Introduced, by the Soviets, to 
an entirely new high quality steel. This steel had 
excellent welding characteristics and a tensile 
eirength in the welded condition of approximately 
loo kg/imn^, whereas the Germans had never known of 
eteel navlng a strength in excess of 70 kg/mm‘. The 
j^evlet designation whs not known to me. Tne Oensane 
managed to obtain a small piece of this material and 
teeted it for rupture and impact at low temperatures 
(••163A O), The material became brittle and the 
Oharaoteristlos at low temperatures were not good, 
but, nevertheless, were far better than those of other 
ilteele, and the tests indicated it would have suff- 
lelent strength for the missile, 

3'ii This high quality steel appeeu?ed to be an excellent 
ehelse in view of the great Internal pressure and 
tensile loads to which the skin would be subjeoted, 
fhe use of this material was strongly pressed by 
the oOnstruotlon personnel who appreciated its weld- 
ing eharaoterlstlos over that of light metal. In 
Iddltion, the possibilities interested other members 
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33 . 


of the group and so the design continued ^ased on 
this material# As the design progressed, it became 
iSiSeSt that a light metal would possibly have more 
advantages, but the final design presented call^ 
for the®Bteel shell. In December after the 

design had been submitted, the Soviets asked for 
a design of the central section using light metal 
of a two millimeter skin thickness<. Actually, 
the design was the same as the other with^ merely 
a substitution of mat^MsiaL^ — it resulte d 


3^. 


^ __ t^ 

Sll^tiy heavier body] ^ ^ 

originated and based on ll^t metaj. wo 
ually produce a lighter body. 


uld event- 


in truth, nelthei’ the light metal/ 
nor the new s-ceel design were fully exploited so 
that it wap n6t clear which had the advantage 
the other. As an example, the skin thickness of the- 
new steel could possibly have been reduced to slx_ 
tenths of a millimeter. At the time of the ac^al 
design, there were many qualities of the new steel 
such as bending and forming characteristics that 
were not known and so were dismissed for the time 
being. 
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pR^d nn the difficulty In obtaining a smaix 

— A I ^ 4 +- -(Vfo cs “if fiTI 

piece for test. 


piece lor ueow, j 

experim ental material ana not abimdant. , , 

rthe Soviets aia not object; uo one use of 
^he material in the design of the R-l4. ^h® fact 

that the material might be in a stage of development 
would not exclude its use in a design of an object 


35 . 


would nou exciucie uoo — 

which itself could only be years from production, 

A major problem in the design of a thln-walled . • 
missile Is the transmission of motor forces to the 
body. The R-14 design called for the introduction 
of the motor thrust directly into the rear panel. 

The panel was designed as a conical shaped wall with 
the apex consisting of the female-portion ot & ball 
and socket Joint, view a on page 50 J .. 

The extremities of the conic panel were curved and 
Joined the akin of the container shell As shown • 

In view D^, The conic panel was tapered with the 
maximum tKlokness being at the apex and the 
minimum thickness at the container wall, Thi m^or' ■ 
made 'oeataot- with th# reiwr B^lv selaly ty means or> the 
HU sad' saoket eo thiiirtf'-SilSS'^lBSust er lcagltudihAl: force 

tfttld.T)* introduced '*he i)ane3ti,fi Shis''' 

would produce a load concentration at the apex eind a 
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decreasing load at points along the diameter of the conic 
panel* Acting on the panel in an opposite direction would be 
forces resulting from the internal pressure* At some point 
along the diameter of the conic panel the opposite forces 
would cancel each other so that the resulting force at the 
extremities of the panel would be one of tension* The tensile 
force would be distributed around the circumference with no 
local concentration and could be supported by the thin wall* 

36* iJiew 0 is a cross section of the ball and socket gimb^a arrange- 
ment^ It was originally planned to use a modified knife edge, 
but it was found necessary to have a close fitting ball and 
socket to prevent lateral travel and to distribute the load over 
a larger area* The plate had to assume large proportions in 
thickness to prevent bending and, thus_, concentrations of loads* 

The intersection of the thrust cone forces within the plate would 
also prevent bending moments* Struts ^ot shora/ were provided 

, to prevent the separation of the gimbal under conditions of no 
power* 

57* The apex of the rear panel was to serve also as a majihole cover 
for access to the container, ^ee view The feed pipe (ij) 

from the forward compartment to the power unit was similar to that 
used in the R~10 design* In this design the insulation served to 
keep heat from the flowing lic[uld oxygen* The outer casing was 
corrugated as before to provide strength and to permit expansion 
and contraction* A glass wool insulation was used between the 
casing and pipe* The expansion and contraction of the pipe (19) 
was to be compensated f or t hrough a metallic bellows union* 


38* Not clearly shown in the details are the slotted flanges of the 
formers* These slots permitted the formers to be flexible during 
deformation of the skin* Again the design and concepts for the' 

R-14 formers were similar to those of the R-10* 

Stabilizer Ring 

39* Since the flight stabilil^y of the R-I 4 was to , be maintained through 
proper relation of center of pressure and gravity and through 
motor exhaust control, the conventional complicated fins were no 
longer necessary and the design need only to provide for a 
single ring whose sole purpose was to shift the center of pressure 
rearward 0 

40, Simplicity became a keynote* It was obvious that a normal sheet 

metal ring would require a network of spars and formers for support* 
The heat generation in high speed flight would cause the expansion 
of skin, spars, and formers at a different rate since the spars 
would have to be of a larger mass* This would all add to further 
oomplloations to aji already complicated system* It was decided 
then to use a corrugated light metal to serve the purpose of 
skin and supporters* Formers would be required only at great 
intervals and the expansion of the skin by boundary layer heat 
could take place between the riveted points of attachment to the 
formers* This permitted a simple but affective design 7^d is 
shown in detail on page SO/* 
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A1 Actually® the greatest forces on a stabilissing ring of this 

^ tyS would be when the missile approaches instability during 

mid-powered flight. At this time the speed would be relatiwely 
small and the heat generated comparatiTely small, ^en high 

speeds are reached and heat generation large, the missile 
would be quite stable and the stabilizer would be under re- 
latiTely small loads « 

42. Upon launching a missile of this type, it would be “«««8sary 

to rest it on the corrugated stabilizing ^ +I nnT,T>£>i*t 

local load concentrations, since the ring would 

the entire weight of the loaded missile, an 

ring would hare to be prorlded. In this way it would 

that the load would be distributed around the entire stabilizing 

ringo 

As seen /In wiew the transfer of the forces from the ring 
to the ctSrIl seftion, while the missile rests on the launchtog 
ring, would be slightly eooontrio. To counteract the resulting 
twlftlng moment at this point the design prowided for a relatiTely 
large former* 

Propulsion Tlnit and Prop ellant System 

tk BChematio drawing /see page 32 J shows the operating 
principle of the propulsion unit and propellant system con- . 
templated for use in the R-14 design. It is presented pri- 
marily to show the flow of the propellants and is 
taken as a true reproduotion of component parts or location 
of component parts.) 

44, Assuming the motor in operation, the flow would be as 

She liquid oxygen would flow from the A-oontainer into tha eo 
pij. (iS), tSfugh the flexible union (25) and the out-.ff ralT. 
712^ It would then enter the first stage of the pumps (14) 
ind in turn the second stage. Bach stage would produce a presaure 
Plea of annroximately 32 atmospheres. Prom the high pressuro 
side of the pumps, the oxygen would flow into the high pressure, 
line (15) and into the distributor ring for iajootion into ths . 
head of the combustion chamber. Tho pumps were to bo driTon 
by a high spssd two-stage turbine which, in turn, would 
drlTsn by gas extracted from ths oombustion ohamber. In pri -■ 
oipls the gas extraction was to be aooomplished in a manner 
elmilar to tho method dleouaeod in the R-10 dosi^. Basically, 
the extracted gas was to be cooled by means of alcohol heat 
•xtraotion and also "by alcohol inject ion o 

45, The flow of the alcohol is slightly more oomplioated in that 
the alcohol was to be utilized as a coolant for the motor. 
portion of tho alcohol was to flow from tho B-oontainer through 
the food line (26) by way of tho flexible unlon(25) into the 
rear ring of the motor nozzle. It would then flow between the 
walls of tho nozzle, oolloot in the forward nozzle ring, np 
through“tho lino (27) and into tho first stage of a two-stage 
aloohel pump. 
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46. The second portion of the alcohol would leaYs the B«container 
hy way of the feed line (28), flow thiou^jh the flexible union 
(25) and also flow into the first stage of the alcohol pumpo 
The alcohol would receiTe a pressure rise of approximately 55 
atmospheres and would then enter the second stage of the pump 
for an additional 55 atmosphere pressure risco The alcohol 
would then flow through the high pressure line (5^) into the 
forward distribution ring of the motor throat* In the ring the 
fuel was to be diTided with the largest portion (approximately 
80 per cent) flowing forward between the double wall of the 
combustion chamber and injected directly into the combustion 
chamber head by way of the injection cups (5) with a pressure * 
drop to approximately 65 atmospheres 0 The remaining portion 
of the alcohol was to flow through small orifices and through 
a small channel between the walls of the throat® The pressure ' 
drop through the orifices would reduce the pressure to approxi- 
mately 40 atmospheres and the pressure at the throat collection 
ring would he approximately 10 atmospheres® Prom the throat 
ring the aldohol was to flow through the line (55) back into 
the feed line (28) where it would produce an injector effect 
on the alcohrl entering the first stage of the pump® 

47* The alcohol pump turbine was to be driren by extracted motor 
gas obtained through, the extraction pipe (52) in a manner 
elmllar to that prerlously described® 

46i Tho venting, or more properly the gasing, of the A-oontainer 

yfm to be accomplished by means of vaporizing a small (quantity 
of liquid oxygon taken from the high pressure side of the 
The oxygon was to be vaporized while passing through the vapor- 
izer (19) .rmd the the pressure reduced to 2o8 atmospheres by 
means of the valve (20)® The valve (20) also had the function 
of controlling the quantity of ^^as permitted to flow through 
line (21) to the upper part of the A-oontainer® 

49. Gfaslng of the B-oontalner was to be accomplished by means of 
extracting exhaust gas from the turbine exhause pipe (57) • 

Phis gasit wan to be reduced and controlled also by a valve (40) 
prior to entering the upper portion of the B-oontainer® The 
hot gases would be suffioiently cooled before reaching the 
upper portion of the container and would then mix with an inert 
gas so that there would be no danger of combustion in the 
dontainero 


90 . 


gli 

91 * 


The eXhe>Utft from the turbines was to escape through the pipes 
and (37) the noszles (24) end (59)o These exheuet 
noisslcif'i to be adjustable in direction by means of the 

oontrol vaotorfi (2.5) and (56) • As a result the nozzle could 
serve two funotienst one* to provide additional thrust (approxi- 
mitely kg« per nozzle), and two, to control or prevent ro- 
tation Of the missile about its longitudinal axle® 

the total power absorbed by the two turbines was 25X1 
to os in tne order of 6000 horsepowery 

^ t 

The A and 3 material mixture was to be regulated by means of 
thi turbine speed® The xuait (42*) was to measure the fuel 
liVil by means of floats and an impulse sent to the command 
Uiiit (43}« On the basis of the impulses^ the speed of the r@- 
ipiOt.iVi turbines would be increased or decreased as needed® 
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55. Pilling of the containers was to he aqcoEiplished through the 
one-way valves (11 ) oJid ( 29 )® alcohol was to fill all 

lines and the pump and was prevented from entering the com- 
bustion chamber prior to starting by some means unknown to me* 

54. Starting was to be accomplished by means of bringing the tur- 
binee up to speed with compressed air from an external source 
and brought in at valves (18) and (35)® Shortly before the 
turbines reached operating speedi the valve (l?) would bo 
opened and the materials ignited by a method unfamiliar to 
me* 

Design 

55* A sketch of the design layout of the R-14 motor is shown 

^ee sketch on pages and &b it was presented to the Soviets 
in October 1949 c, /All dimensions are quite accurate according 
to source* As in the other drawings presented, many of the 
dimensions were recalled by performing a series of stress 
calculations based on that data source could remember. The 
dimensions that source oould not produpe with certainty are 
those pertaining to the throaty chamber, radii, and coolant 
slots* The throat diameter, however, is probably in error 
by only -*5 centimeters. The nozzle angle is exact with the 
wall thicknesses in error by plus or minus one millimeter^/ 


56 * The design presented was a rather complete theoretical pre- 
sentation. I ^ 


57® TTplan attacking the design of the R-I 4 motor, the Germans found 
that the problems of cooling, expansion, and strength were 
extremely dlffioplt ones, and that a acblution would have to 
be based on different oonsideratiort from those familiar to 
thorn through the A-4 motor design. To review briefly, it will 
be recalled ihat the A-4 motor design was based on the prln^ 
dipie of regeneratlTe cooling with a single coolant stream • 
and a relatively constant coolant pressure from the front 
to the rear of the motor. The result was a unit with ex- 
tremely large dimensions* 


25X1 


As ment toned previously, the H-I 4 motor design made use of 
regenerative cooling with the alcohol as the ooolant. £ow- 
ever, tho coolant was to be utilized in three systems with 
various soleoted pressures for each of the three stages.. 

In order to eliminate many of the difficulties of cooling 
through thick walls andformars as experienced in the A-4 
design^ it was decided that the nozzle of the R-I 4 should 
utilize a low prossure ooollng system with the pressure being 
that of the B-oontainer* Sven with this relatively low pro- 
•suroi tho dlfforenoo between the ooolsnt pressure and the 
exhaust pressure would bo high and the forces exerted on the 
tbia walls desired would be excessive . Therefore, longitudinal 
ribs ( 29 ) were provided between the two walls of the nozzle 
and. epot welded to the walla. These ribs would serve as a 
opimsotlon between the two walls, end counteraot the foroes 
gntkstfaslng exerted externally and the foroes ax the inner 


i 


I 
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wall exerted internally « These rihs permitted the dimensions 
of the inner wall to be reduced appreclablya They also served 
to eliminate the formers as in the case of the A '-4 nozzle Which 
were heavy and which restricted coolant flowo 

59 « ^'he expansion of the inner wall of the rear portion of the noz- 
zle ^d the casing would not cause too much difficulty* The 
inner wall would expand because of heat and the outer wall would foUow 
because of the coolant pressure* Proper dimensioning of the 
outer casing would control the difference in rate of expansion 
and^thus^the rigid connection between the walls was permissible* 

The longitudinal- strain in the ribbed portion that would arise 
as a result of the coolant flow between the walls was considered* 
Because the coolant pressure was small p it was foinid that the 
resultant strain was also small* 

60 . The portion of the nozzle between C«B would not be subjected ^ 
to the loads expected in the rear portion^ and so it was found i 
that the ribs would not be needed for support* The increase 
of the inner wall thickness from 2*5 millimeters to 4 milli- 
meters was provided in place of the ribs to satisfactorily 
support the coolant pressure and to carry the bending moments 
resulting from the motor deflection* The radial expansion 
between C and D was taken up by the coolant slotj and the 
longitudinal expansion was taken up by the bending of the 
thin wall of ring (22)* 

6l* i, radical solution was necessary to solve the problems arising 
in the critical throat area* In order to provide sufficient 
cooling, an extremely thin wall (20) of two millimeters was 
selected* To protect this wall, a thin coolant slot was pro- 
vided to take advantage of the heat absorption q^ualities 
oharacteristic of the increased coolant speed and small coolant 
boundary layer* The selection of the al ot dimensions was a 
compromise between an extremely thin slot with a high rate 
of heat absorption, and a thicker slot with a large quantity 
of heat absorption* 

62 . To satisfy the structural demands on the throat section, struts 
as those shown Jin view B-l7 provided running the full 

length of the throat and at intervals determined by the loads* 

The loads resulting through expansion of the inner wall in the 
radial and longitudinal direction were permitted to exceed th« 
elastic limit of the material and thus tak.e advantage of the 
plastic effect* The longitudinal forces of the nozzle, the 
bending momenta, and the forces arising out of the plastic 
effect were to be absorbed by the thick throat casing (21)* 

65. Film cooling was provided as an additional means of cooling 
the throat* A small amount of coolant was to be injected 
through the orifices (I6) and permitted to flow along the 
throat wall where it would be vaporized* The size of the 
orifices was based on the ooolant pressure and the internal 
pressure at the location of the respective orifices* 

64* It was possible to maintain a relatively thin inner wall for 
the combustion chamber, since a small pressure differential 
would exist between the chamber pressure and coolai3.t pressure, 
arid since the spherical shape of the chamber -;vas ideal for 
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carrying force So The resulting thin inner wall and a thin 
coolant slot, creating a pressure drop of approximately five 
atmospheres, would provide sufficient coollngo Should local 
hot spots occur, the inner wall would expand and decrease the 
coolant dimensions at that spot® The increase in coolant ve- 
locity would then provide an increase in the rate of cooling* 
The union of the inner wall to the injector cups would not 
he appreciably strained; since the cups would serve as a prop, 
the pressure differential would be small, and the temperature 
would be relatively lowo 

65* The outer wall, being spherical in shape, would also be ideal 
for absorbing the various forces introduce do In the area of 
the injector cupe, where the surface would be interrupted by 
the cup openings, the wall thickness was increased to 10 
millimeters o The thick wall was to be milled to provide a 
suitable union with the cup wall. 

66. The ideal method of compensating for the difference in ex- 
pansion of th*^ inner and outer wall would have been to use 
a thin outer wall of high grade steel that would expand at a 
corresponding rate to the inner wallo 

67« Since this condition could not be met, it was planned that 
the difference in longitudinal expansion would be taken up 
by the ring (I 4 ) while the radial expansion difference would 
be compensated for by predesigning the radii in the cold con- 
dition in such a way that the radii in the hot condition would 
be as desired. To prevent the coolant slot from completely 
closing or becoming too narrow at any time, wires with a cir- 
cular cross section were to be placed longitudinally and welded 
to ’the inner wall. 


68 * 


69 . 


additional cooling was to be obtained in the 
oomous'cion cnaniber by providing a series of orifices for 
film cooling. 


the liquid oxygen was to be 
injected tnrougn a copper px^ate with a series of orifices* 


A series of Injection tests were_^r formed at the institute, 


25X1 


70 , The thrust cone was to be attached tangentially to the out«r 
wall of the combustion chamber and increased in thickness 
at the apexo Because of the thiokn.esa of the cone, walls 
and cups, the entire front portion of the motor would be 
extremely rigid. It was believed that this feature would 
be desirable with respect to vibration since the mass would 
.b6 great and the frequency high. The elastic frontal portion 
of the A-4 motor with its low frequency was ooniidered to 
, be a weak point and it was hoped that the change would prove 
to be sound. 



I the auxiliary equipment. 

^was placed as close. 

to the gimDax as possible in order to keep the moments of , 
inertia small. This applied to the pumps and turbines as 
well as the propellant ‘lines. In addition, the lines had to 
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"be near the point of rotation in order to keep length changes 
small at different motor deflection angles o One of the reasons 
that the missile was to he limited to a 10 go acceleration 
was one of moments developed in the propellant lines* The 
difference in the pressure heads of the oxygen and alcohol at 
the entrance to their respective pumps times the specific gravity, 
acceleration, and distances would produce excessive moments 
about the point of rotation should the 10 g\Bo acceleration 
he exceeded* 

72* The pumps and turbines were to he attached to the motor at two 
statically stable points (52) o The control forces to be used 
to deflect the motor assembly were to be introduced through 
a rod (54) at the bracket on the pump and then through rod (55) 
tangentially to the outer casing of the combustion chamber. 

The forces through the rod (54) i^ere to control the motor de- 
flection in one place, while a bragket ^ot show^ attached to 
the combustion chamber, but at ^0 to the first bracket, was 
to accept forces for motor 'deflection in the second plane, 
brackets shown on pag® 34 are merely schematic^ 


Motor Characteristics 


1 % 


proposed motor[ 


performance characteristics of the 
] drawing pag® 


25X1 


a graphical presentation of the m6tor pressures and temperatures* 
^ great deal of error exists in the absolute values shown an^ 
therefore^ are presented merely as an indication. These data 
in no way as accurate as the design data presented in 
previous sketches. 


^f4. Points (2), (5), and (4) represent the area of the motor com- 
bustion chamber, throat, and nozsle respectively* The reference 
line ( 5 ) shows the variation in coolant channel thickness, 
in millimeters at various points along the motor. 


75* Chart (6) shows the p]?essure of the gas, P , and the coolant 

pressure, Pj^* The chart is split Into two^soalea. Pj^ repre- 
sents the coolant pressure at the time of launching and 
represents the coolant pressure at the time of propellant cut- 
off. 

76 . Chart (7) ahows the coolant velooltys 7^, in metera/Beoond within 
the three areas of the motor* 

77, Chart (8) shows the quantity of alcohol, in liters/seoond and 
in per cent passing through the ooolant areas. The percentage 
is based on the alcohol consumed in combustion as 100 per cent* 

The olaart shows that approximately five per cent of the fuel 
would be consumed through film ooolingo 

78* Chart (9) shows a very rough approximation of the anticipated 
inner wall temperatures ad;Jaoent to the hot gases* 

GQNGLTT3I0K 

79* As per requirements, work on the R-14 project was stopped as of 

the first of October and the reports, drawings, caloiJlatiionB^aridstetdhes 

were compiled during the month of October for presentation to 

the Soviets* The final product, the ♦‘Skiatssen Projekt”, consisting 
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entirely of paper^ reflected the little time that was at the 
disposal of the engineerSo Most of the drawings were over- 
all views with partial details on the sjame sheet similar to 
those presented in this report <> No individual detail drawings 
suitable for use in coristruoiion were submitted and it seemed 
hardly probable that construction would ever be attempted from 
the sketches made available without a great deal of additional 
work* 

80. After the information had been compiled, a commission appeared 
at the Island co nsisting of approximately ten Soviet scientists 

and engineers who [ represented various institutes in 25X1 

the area of Moscowo They had apparently been familiar with Ifa e 

R-14 and H-lj projects prior to their arrival. 25X1 

the aim of the commission was to study the projects. They 
had no contact with the G-ermans except whan certain Germans 
were called in for consultation on points that were not clear 
to the commission. Two members of this commission were 
Cols. Pobedonostsev and Korolov# 

81. The results of the commission's stjudy were never known to 
me or ny colleagues with the exception of two post projects 
that were immediaii^y ordered. One project Involved the 
desi^ of a warhead that utilized Its kinetic energy, and. 
the second project was the design of a central section 
utilizing a light metal as discussed under the section dealing 
with the missile Os central sectiono 

82. The second warhead design engaged the efforts primarily of the 
ballistics and the aerodynamics section from November 1949 

to February 1950. The basic idea, behind the design was to 
utilize the tremendous kinetic energy of the warhead at 
propellant cut-off. At a speed of 4500 meters per second 
at out-off, the kinetic energy when converted to heat energy 
would represent the energy equivalent to that of a high 
explosive. If a greater part of that speed could be maintained 
to the time of explosion, the total energy released, pro'^idizg 
the explosion occurred above ground, would far exceed that 
of the explosive itself. The problem was to design a body 
with little resistance and still capable of withstanding 
the strain of the High speed flight. Since the ideal aero- 
dynamio form could not be realized, It was decided that a 
return to the conic shape would have to be made and the added 
resistance aoceptedo The base of the cone was to be 1.4 
meters in diameter and the length approximately six meters. 

Stability was to be maintained by filling the cone only par- 
tially with explosive. Two designs were accomplished. One 
was to utilize a thick steel wall. The other was to utilize 
a steel shell covered by a protective laaterial. Apparently 
the design set up the specifications for materials to be used 
that had not been developed. 

85.^ I 25X1 


SEORjBT 


25X1 


Sanitized Copy Approved for Release 2010/06/24 : CIA-RDP80-00810A001 800090003-0 





Sanitized Copy Approved for Release 2010/06/24 : CIA-RDP80-00810A001 800090003-0 


SECRET 

- 22 « 


At the completion of these sxipplementary" designs 5 the 
Soviets took no action which would reflect their interest 
in the over-all H-I 4 project o Even the usual premiums, 
indicating satisfaction, were not payed to the Germ^s* 
Yet, no criticism was ever receivedo Ro indications 
were observed either as to the disposition of the project 
and further follow-up work or consultation was never 
requestedo 

the Soviets antici pated the 

early repatriation of the Germans and | ^ he project 

was an attempt to extract a few more ideas from the 
Germans prior to their leaving the USSR# 


Sketch past 
Sl^eh page 25 > 
Sketch page 27 t 
Sketch page 29; 
Sketch page 30 % 
:Sketch page 


Layout of the E-14 Uisslle 

Cross Sectional View of the Rose Section 

Cross Sectional View of the Warhead 

R-I 4 Central Section an.d Stahiliziing Ring 

Details of Central Seotionand Stabilizing Ring 

Bohematio Diagram of the R-14 Propulsion Unit 

and Propellant System 


Sketch page 34* Layout of Rooket Motor for the R-14 Missile 
Sketch page 35* Details of Rocket Motor 

.Sketch page 37« Graphical Presentation of R-I 4 Motor Oharaot eristics 
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CROSS SECTIOH OF THE R-14 MIS3I1E 

LESEMD 

Scale: I 55 O 
1* Nose 

, Warbead . ■ 

5* ArPropellant Container (A - Oxygen) 

4* B-Propellant Container (B - Alcohol) 

5 , Stabilizing Ring 
6* High Preesure Motor 
7* Forward Container Panel 
6* Partition 
9i Aft^)Container Panel 

10# Meclianism for Control of Rocket Motor Movement 

11* Gimbal Mount 

12. Turbine -Pump Unit 

15 * Turbine-Pump Unit 

14,' Mechanism for Controlling Turbine Exhaust Nozzle 
15* ibefleo-bing Turbine Exhaust Nozzle 
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NOSE OF R«14 (Cross Section) 

Soale : 1 x25 

1* Plywood. Skin 
2* Laminated Wood Former 
3* Noee Opening 

4* Re-info.roed Joint (See akeSch on,p.27 for detail) 
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1* Plywood Case 

2* Porward Plywood Panel 
5* Aft Plywood Panel 

4* Pipe Containing Initiating Explosives 
5. Explosive Pilling Opening 
6* Plywood Nose Casing 
7* Blasting Charge for 6 
6« Screwed Oonneotion to the Nose 
9* Seal 

10* Cemented Wooden Safety Pegs 
11 • Cemented Eeinforoement Ring 

12«, Blasting Charge for the Separation of the Warhead from the Hiaaile 
!'$• dorewed Conneotion between the Warhead and the Missile 
14* Conneotion Ring of the Centred Section 
IS* , Explosive 
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HBGTIOK Am SIAB1 1I2ER RIWS OF E-lj 

1. * A* Container 

2. ''B* Container 

5. Stabilizing Ring 

4. Forward Panel' (Special Steel)* 

■5, V Container Skin (Special Steel)* ^ 

6. Y OontainCr-^Pormer (Steel i - approx. 45 kg/ian ) 

7. Container Partition (Special Steel)* 

-8. V Container Skin (Special Steel)* 

$, Rear Panel (Special Steel)* ^ 

10. Vcontainer Poi-ner (Steol* " approx. 45 kg/mm^) 

11. Corrugated Casing ("Dural" <^3 - approx. 40 kg/iiun ) ^ 

12. Stabilizing Ring Former ("Dural". <r^ • approx. 40 kg/mm ) 

IJa Alcohol Outlet 

14. Alcohol Outlet for Lower Cooling Section .2. 

15. Roihforoed Oxygen Outlet Casing (Steel. - approx., 60 kg/mm ) 
l$t 'B^Cfjntainer Vent Pipe (Steel) 

17 ♦ 'A*' Container Vent Pipe (Steel) 

18* Stiffening and Expansion Bead ^ 

19# Oxygen Outlet Pipe (Steel i - approxo 60 kg/mm ) 

20. Olasswocl Insulation 

21. 3b11 Plate 

22. Conic Shaped Motor Mount (Special Steel )^ 

♦In a welded Condition i 

Elastic Limit 70 kg/mm ^ 

Tensile Strength ^ 100 kg/mm 
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anffTilMATTfl -nTAflBAM QF PROPULSION UNIT AHD PROESLUOT SiStW 

LEaENR 


1* 

Container 

34* Gas Control Valve 

■» 

. 2, 

'^B^ Container 

33* Alcohol Feed Pipe 

5. 

High Pressure Motor 

36 . Alcohol High Pressure Line 

4. 

Gdmbal Motor Mount 

37 o Turbine Exhaust Pipe 

5. 

Injection Cup 

36. Control Motor 

6. 

Conic-shaped Motor Mount 

39. Turbine Exhaust Nozzle 

7. 

Chamber Cooling Section 

40. Reducing Control Vaiire 

8. 

Throat Cooling Section 

41. B Container Casing Pipe 

9. 

Nozzle Cooling Section 

42. Propellant Measuring Unit 

10. 

A Feed Pipe 

43* Command Unit 

11. 

A Tank Filling Falre 


12. 

A Cut-Off Valve 


13. 

2 Stage Turbine 


14. 

2 Stage A-P\imp 


15. 

High Pressure A-Line 


l£. 

Cas Extraction Pipe 


17. 

ContrCl Valve 


• 

CD 

Compressed A.ir Starting Valve 

■ \ 

19. 

A Vaporizer 


20. 

A Reducing and Control Valve 



21* A Gaaing Pipe 

22« Turbine liXhatLst Pipe 

23« Control Motor 

24* Turbine Exhaust Nozzle 

25* Flexible Pipe Gnions 

2(S.« "'B'^Feed Line to Nozzle Cooling Seotion 

27* Cooling Line 

26 • VFeed Line 

29* "B*. Container Pilling YalTo 

30* 2 Stage Turbine 

31. 2 Stage Pump (b) 

32* Cae Extraction Pipe 

33«^ Compresed Air Starting Fairs 
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DESIGN OF THE HIGH fRESSURB feOTOR (R-14) 

1. Gombustion Chamber 

2. Ihroat 

3. Hoaszle 

4* Gimbal Plate (Hardened Steel) 

5* Conic Motor Mount (Special Steel)* 

- 6* lajeotion Cups 

7. "a" Haterial High Pressure Line (Alir5<^ - approx. 24 kg/nm^). 
do X Material Injection Plate 
9* Material Injection Orifices 
10* V Material Injection Orifices 

11 « Outer Casing of Combustion Chamber Head (Special Steel)* 

12* Combustion Chamber Inner Wall (Speoial Steel)* 

13* Combustion Chraber Casing (Speoial Steel)* 

14. Cooling Inlet Ring (Spepial Steel)* 

15* throat Coolant Orifices 
16« Coolant Injection Orifices 

17. Throat Coolant Slot 

18. Throat Coolant Outlet Ring (Speoial Steel)* 

19* Coolant Orifice 

20. throat Wall 

21. Throat Casing , , / * 

22. Hozzle Coolant Outlet Ring 
23« Coolant Baffle 

24« Wezale Casing (Speoial Steel)* 

23* Nozzle Wall 

26. Nozzle Coolant Inlet Ring (Special Steel)* 

27* Coolant Baffle 

26. Nozzle Wall (Speoial Steel)* 

29* Longitudinal Ribs 

30. • Feed Line 

31. '"B'^Material Turbine-Pump Assembly 

32 «. Turbine Pump Assembly Attachment (2 points) 

33. Support Struts for 31 

34. Push Rod for Motor Deflection 
33* i Material Turbine-Pump Assembly 

36. Turbine-Pump Assembly Attachment (2 points) 

37* Support Struts 

*In welded conditions 

Blastio Limit 70 hg/mm^ 

>2 

Sansil* Strength ^ 100 kg/mza ' ■ 

'■'aaoaBT 
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